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Part 1: Indicator Analysis
1. Executive Summary

Indicators of ocean temperature are increasing in the New York Bight (NYB) in all seasons, in
surface waters and bottom waters. Duration afime heatwaves continue to be higher than
normal, but fortunatglwe have not seen lordgstingmarine heatwavess we did in 2012 and
2017. Our new indicator of the Miétlantic cold pool (CP), cold pool volume in April, July,

and October, shows a change in this feature over the last decade. Specifically,Glodd the

pool has become extremely small or complegtbsent during October. Another new indicator
of thermal habitat, the 2Q surface isotherm, illustrates a poleward shift of these warm surface
waters. Since 2010 this isotherm is rarely found in the NYB during summer and is now only
present in the autum These findings are consistent with similar indicators found for the
broader MidAtlantic (NMFS 2021, NMFS in pres$ and the recent findings that the
oceanographic properties of the Northeast Shelf hanadamentlly changed. In 2008, a

change in the gsition of the north wall of the Gulf Stream near the Grand Banks blocked cold,
less saline water from the Labrador Current from entering the Northeast Shelf (Neto et al.
2021). The effects of this event can be seen one to two years later in the NY&f ioual

physical indicators. Whether this change is permanent remains to be seenehaitl;es of
evidence suggest that change&ulf Streamdynamicswill continue to warm the Northeast

US Shelf and the NYB through dynamicsthe north of NYBandvia more frequent

interactions with Gulf Stream waters and warm core rings closer to the NYB(Jisgte et al.
2010, Nye et al. 2010, Gangopadhyay et al. 2019).

In addition to these physical changes, our understanding of the ocean chemistryheithin t

NYB has improved. We have developed new indicators for bottom dissolved oxy¢and
surface and subsurface aragonite, a mineral critical to shell formation in marine bivalves.
Although we do not see aragonite saturation states low enough to sitgbfiormation { ar <

1), the highest temperatures, lowest dissolved oxygen levels, and lowest aragonite saturation
state all occur in fall. The combined effect of these phghEmical conditions working in
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concert may already be reducing survivorship and growth of comatly-important shellfish
such as quahogs and surfclams. Lobster habitat does not appear to be limiting at this time
within the NYB, but may be limiting in estuaries and the Long Island Somhidh we did not
examine

The human community indicatodsd not change very much from our previous reports. We
continue to see that marine recreational landings have increased in NY, but most fish are
released. Risk to sea level rise did not change, but we examined storm surge risk and find that
coastal commuities Queens and Kings County are some of the most vulnerable to storm surge
not just in NY, but in the nation. The population in coastal NY communities, considered all
counties in Long Island, Bancreased dramatically over time, but there has beégha s

decline in recent years.

2. Report structure

Part 1 of this report presents all updated indicators for 2021. Several indicators which were
proposed or under development in the previous year have been included here: cold pool volume,
bottom dissoled oxygen (DO), subsurface pH and aragonite saturation state, seasonal mean wind
stress, lobster thermal habitat, location of 20°C isotherm, northern vs. southern species biomass,
structure oriented species biomass, fish species richness, average éwghot ish community,

and temperature preference of fish community. The appendix to this report discusses indicator
development including the development of the cold pool indicators, carbonate chemistry
indicators, location of the 20°C isotherm, humpbashale body condition, vessel density and

speed, and odontocete strandings data.

3. Physical and Chemical Indicators

Seasonal mean sea surface temperature

As noted in the previous report (Indicators Report 2020 Part 2) sea surface temperatures have
been increasing since the 1980s across all four seasons within thfMy.BL). The warming

has been greatest in the summer and autumn. Here we define winter as an average of January
February, March; spring as April, May, June; summer as July, AugusgrSiept; and autumn as
October, November, Decembe&Changes in seasonal SST are also lengthening the summer
season (Fig. 2), where the transition from the warmest temperatures of summer and fall turn to
cooler winter temperatures later in the year.
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Figure 1. Seasonal mean sea surface temperatdit@n solid lines show yearly mean values for
each season. A thidkack solid linendicatesa statistically significant linear trend (p<0.05).
The warming trends the highestluringsummer. Nonlinear trend of £asonal mean sea surface
temperaturare shown by the dashed black lin8slidbluelines indicate a significant increasing
trend. The dashed black line indicates no statistically significant trend (p < 0.05).
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Figure 2. Seasonathermal transiion in fall. Looking at sea surface temperature in terms of
seasonal transition dates also reveals a warming trend. Over the course of the satellite
observational period the daywénsitionfrom warmer summer/fall tempatures to cool winter
temperatures has gotten later.



Marine heatwave days

As discussed in the 2020 Indicator Report, marine heatwaves have increased in the NYB in the
most recent decade and there is a pdggithat we have entered a new regime in surface
temperature. Although this region has not recently experienced very large heatwaves like the
ones in 2012 and 2017, within the last few years we have seEd05days that are hotter than

the 95th percerlé temperatures seen in the historical re¢éid. 3).

Marine Heatwave Days
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Figure 3. Number of marine heatwave days per yeaY¥.early data is shown by the grey line,
the linear trend by the solid black line and tiemlinear GAMby the dashed black line. Periods
of statstically significant increasing trend of the GAM are shown in blue and significant

decreasing trend in red.



Bottom temperature anomaly

Much like marine heatwaves and seasonal mean &8ilialbottom temperature anomalies are

also increasingFig. 4). Additional data has been added to bottom temperature anomaly allowing
us to extend the time series back to 1941. In the last report the time series extghdadkoto

1968 using datitom XBT, CTD, and Seawolf cruises. Here we also included data flider g

and MBT data from the world ocean database. Interestingly, the bottom temperature anomaly is
correlated with the AMO index which describes the state of the Atlantic Multidecadal Oscillation
with r=0.4 (p<0.05). Although the AMO index is calculatesing sea surface temperatures, it

also shows warmer temperatures during the 1940s, a decrease until the 1970s followed by an
increase through the 2010s.

Bottom Temperature Anomaly
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Figure 4. Bottom temperature annual anomalyGrey dotted line indicates yearly values

from in gdtu data including MBT, XBT, glider, CTD and Seawolf data. The linear trend

was not significant within the 95% confidence interval and has not been included. The
nonlinear GAM is shown by the dashed black line with periods of statistically significant
increases in blue and decreases in red. Following a decrease during the 1950s and 1960s
the bottom temperature anomaly has been steadily increasing.



Mid-Atlantic Cold Pool Volume and Duration

The Cold Pool volume within the NYB region (Fig. 5) is shownirtyiits onset (April), the

middle of summer (July) and its dissolution (October). Although no stafigtsignificant

linear or notinear trends are present, cold pool volume in October does present interesting
results. In the last decade the col@lpalume in October has been very small or zero. When
compared to earlier years this could signal a shortening in duration of the cold pool with it rarely
lasting into October. This is in agreement with the findings of other efforts such as the State of
the Eomsystem 2022 Report for the Matlantic Region(NMFS in press)of which the New

York Bight is a part. In that report the authors indicate through a persistence index that the
duration of the cold pool has begmortening We will continue to refhe the indicator of Cold

Pool extent, volume and duration for the New York Bigih&ddition tothe location of the core

of the cold poal
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Figure 5. Cold Pool VolumeCP volume is shown for April (top), July (middle) and October
(bottom). In all tinee figures the grey dotted line indicates the mean of that month during each
year. Linear trends and rlorear trends were not statistigallignificant and are not shown.
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Bottom Dissolved Oxygen

Hypoxic waters are increasing globadlgd have myriad of ecological effe¢Biaz and

Rosenberg 20082009. Most consider the threshold for hypoxic waters as 2 milit€ but

sublethal effects of low dissolved oxygen (DO) levels occur well aboveribasily accepted
threshold. Ninety percent of laboratory experiments designed to assess decreases in growth and
performance in marine organisms find that levels of oxygen lower than 5 mg/l cause sublethal
effects such as decreases in growth, performarg/erareproductive output (Vaqu&unyer and
Duarte 2008). Focusing our efforts on the data rich 2019 Seawolf cruise, we did not encounter
any waters in the offshore area of the NYB that were below either of these biologically relevant
thresholds. Thus, evuse the average seasonal bottom dissolved oxygen as an indicator from our
monitoring efforts (Fig. 6). The lowest dissolved oxygen values dalinAs monitoring

progresses we will report an annual index and could also develop indicators of edtent a

duration similar to the cold pool indicator. See Appendix for further explanation of the
development of this indicator.

Winter Spring Summer Fall
Figure 6. Bottom dissolved oxygerhe seasonal bottom dissolved oxygen from the four 2019
cruises. All DO values are greatban 5 mg/L showing that during our sampling in 2019 we did
not detect hypoxic conditions in the New York Bight. Each box and whisker plots for each
season shows the median (black line! g&rcentile (bottom of box) and ¥percentile (top of
box) ofthe data. Whiskers encompass 99.3% of the data and, if present, outliers are represented
by points outside the box.

Aragonite Saturation State and pH

We are developing three indicators of ocean acidificatidoothsubsurface wateend surface
watersfor a total ofsix indicators The first i s the avag,@amlge ar ag
the other two are the corresponding pHa.and pe
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The methods are discussed in the Appendix. Although thesmiods of acidification are

extremely important to our intergiation of ecosystem healthck of data prevent us from
examininghistorical trends This gap was identified early in the project and we prioritized
collecting water samples develop meangful indicators Using samples that we collected in

2019, we are able to begin to resolve seasonal variability. It is clear from the average subsurface
aragonites at ur at 4 amacortespantingpH decreased from winter to fall, with

under s aiaf .90 bsatvedyonly in fall (Fig, Table A). Bottom water acidifieaver

the course of a year, bilitecorresponding area of o war shfank in fall due tohe breakup of

surface stratificatioiTable A2). At the surface we see that aragonite increased from winter to

fall, likely as a function of temperature (Fig. 8). Surface pH does not have a clear trend, but is
lowest in summer. With additional yearsmbnitoring we will be able to look for annual trends

and determine if the fall is indeed the season with lowest subsurface aragonite saturation states.
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Figure 7. Subsurface aragonite and pHSeasonal variation of (left) subsurface aragonite
saturatiors t a taeand((fght) pH in 2019The line near the center of each box and whisker
plot for each season represents the median (black line). The valué&saatlZB' percentile of
the data are represented by the bottom and top of each box redpedtitreskers encompass
99.3% of the data and, if present, outliers are represented by points outside the whiskers.
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Figure 8. Surface aragonite and pHSeasonal variation of (left) surface aragonite saturation

s t a tareand (rght) pH in 2019The line near the center of each box and whisker plot for each
season represents the median (black line). The value¥ ang5%' percentile of the data are
represented by the bottom and top of each box respectively. Whiskers encompass 99.3% of the
data ad, if present, outliers are represented by points outside the whiskers.
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Mean Wind Stress

Wind stress is the force exerted by the wind parallel to the surface of the water. Wind stress is
important locally in determiningonditions for boating and impaurtt for circulation at larger

scales that can impact nutrient dynamics and other physical conditions that are important
ecologically. In the NYBwind stresseems to be increasing in both spring and aut{fgn9).
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Figure 9. Seasonal mean wind stresSeasonal mean wind stress as a function of wind speed,
temperature, and pressure as recorded by buoy 44025 operated by the National Buoy Data Center.
Winter is defined as the average of December, January, and February; Spring as March, April,

and May; Simmer as June, July, and August; and autumn as September, October, and November.
Grey dotted lines indicate seasonal means for each year. A solid black line indicates a

statistically significant linear trend, present here only in spring and autumreasirg wind

stress is present at this buoy location during the spring and autumn months.
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Stratification anomaly

Differences in density caused by changes in salinity and/or temperature cause parts of the water
column to be stratified or sepagdtfrom eah other and preventdtbm mixing without strong

winds or other strong physical disturbance. When the water is stratified, nutrients and other small
particles are generally prevented from moving vertically between layers of water. Changes in this
indicabr suggest changes in water mass properties. Statistically significant changes seem to have
occurred around 2013, but have returned to previous Iévgis10) We will investigate the

causes and consequences of this change in the future.

Figure 10. Stratification anomaly. Positive values indicatingtrongerstratification and
negative valueweakerstratification. Grey dotted line indicates the yearljuea. The
nonlinear GAM is shown in the dashed black line with periods of statistically sigmific
increase shown in blue and decrease shown in red.
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